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Abstract
It is extremely common for servers in the restaurant industry to have pint glasses
slip off their serving tray, wasting both time and money for the restaurant. I have
designed a sleeve attachment that will clip on to the bottom of a pint glass. The
metal sleeve attachment will be attracted to a magnet placed into the serving tray.
This increases the normal force of the pint glass, resulting in an increase in the
friction force between the tray and sleeve attachment, and helping secure the glass
to the tray. In order to optimize the design, the value of the static friction coefficient
of the materials, as well as the value and influence of the magnet force on the object
was measured. This information was used to determine the best material to use in
the product, and to predict the effectiveness of the design in preventing the sliding
of the glass. Ultimately, a wooden tray and an ABS plastic sleeve were chosen for the
design, and a prototype was produced and tested.
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I. Background
In the chaos of restaurants, restaurant employees struggle with time management due
to the high-pressure work atmosphere of the job. The fast-paced environment of the
restaurant industry, as well as the persistent demand for exceptional service, results in
stressful and laborious serving shifts. Employees often find themselves running behind
with their work due to some controllable and uncontrollable events. One uncontrollable
event that hinders employees is that of drink glasses sliding or falling from trays. This
not only inconveniences the employees but also the customers. The sleeve attachment
and magnetic trays will assist restaurant employees in carrying drinks on trays
throughout the dining area, which in turn will boost employee productivity and business
profits.

Figure 1.1. A normal serving tray with beer pints on it. Image came from Clipstock.com1.
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The engineering need for this product design will greatly assist the day-to-day work life
of servers working in the restaurant industry. While it is a pretty fundamental mechanics
principle to understand, the thorough details produced from this thesis is necessary to
maximize the functionality of the product design. The experiment will test the effects of
a magnet underneath a material and its influence on the friction force. The information
that this experiment will produce will assist with the appropriate magnets and materials
that will ultimately be employed in the final product design of the magnetized serving
tray and sleeve attachment. If a magnet is placed underneath a material that cannot be
magnetized, the magnetic force of the magnet will increase the normal force of the
object above the material which in turn, will increase the friction observed on the
object.

Most of the specifications of the product design for this thesis need to be consistent
with industry standards. The standard pint glass is 16 ounces, with a height of 6.88
inches and a diameter of 2.38 inches that evenly extrudes outward to 3.25 inches at the
top of the glass2. The diameter and thickness of the serving tray is 16 inches and 1-inch
thick respectively3. Ideally, the serving tray can hold up to eight-pint glasses safely. From
the standard dimensions of the pint glass, it was determined that in order for the sleeve
attachment to be secured to the bottom of the pint glass, the inner diameter of the
contraption would need to be 2.40 inches. In order to fully secure the sleeve attachment
to the pint glass, the sleeve attachment has a height of three quarters of an inch. One
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thing to note is that the magnet in the serving tray must not be washed at too high of a
temperature in order to not reach the Curie temperature of the magnet4. If the
temperature of the magnet becomes higher than its Curie temperature, then the
magnet will lose its magnetism for the time it has been exposed to the heat 5. The
average fridge magnet has a Curie temperature of 734 Kelvin, and the average
commercial dishwasher has a high temperature of 349 Celsius6. These product
specifications give a starting point for the design, but to understand the components of
physics of this product, we must investigate experimentally.

II. Theory
2.1 Theory of Design:
The attraction of the sleeve attachment to the magnet in the tray will increase the
friction force of the sleeve attachment and glass. Before the addition of the magnet to
the system, the only forces acting on the pint glass and sleeve attachment are the
gravitational force, friction force, and the normal force. The placement of a magnet of
any strength beneath the sleeve attachment will add a magnetic force to the system.
This can be seen in Figure 2.1 below. This magnetic force will increase the normal force
on the sleeve attachment and glass, which in turn will increase the friction force.
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FN
Ff
FB

Fg

Figure 2.1. Design Free Body Diagram. Ff is the friction force, FN is the normal force, Fg is
the gravitational force, and FB is the magnetic force.

∑ 𝐹⃗ = 𝑚𝑎⃗

(1)

Equation 1 is the standard physics equation to calculate the force of an object.
∑ 𝐹⃗𝑦 = 𝐹⃗𝑁 − (𝐹⃗𝐵 + 𝐹⃗𝑔 ) = 0

(2)

Equation 2 shows the summation of forces on the pint glass in the vertical direction.
Because the pint glass is not moving up or down, the system is in equilibrium, so there is
no acceleration. This allows us to solve for the normal force.
𝐹⃗𝑁 = 𝐹⃗𝐵 + 𝐹⃗𝑔

(3)

Equation 3 yields the relationship between the normal force of the pint glass and the
magnetic and gravitational forces acting on the pint glass.
∑ 𝐹⃗𝑥 = 𝐹⃗𝑓 = 𝑚𝑎𝑥

(4)

Equation 4 shows the summation of forces of the pint glass in the horizontal direction.
The only force acting on the glass in this direction is friction.
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𝐹⃗𝑓 ≤ 𝐹⃗𝑁 𝜇𝑠

(5)

Equation 5 is the standard equation for friction. This is the maximum friction force
needed to keep the object from moving. Since the pint glass is not moving, the friction
coefficient for static friction is used.
𝐹⃗𝑓 = (𝐹⃗𝐵 + 𝐹⃗𝑔 )𝜇𝑠

(6)

Equation 6 applies Equations 3 and 5 to exhibit the relationship between the friction
force and the normal force. This equation mathematically shows the effect of the
magnet on the friction force.

Before being able to do this experiment to try to understand a magnet’s influence on an
object’s normal force, it is important to recognize the difference between static friction
and kinetic friction. This is important because the addition of a magnetic force to an
object’s normal force will directly impact the value of the friction force. Static friction
occurs for an object that does not move when a force is applied to it, and this is seen in
equation 5. Once the force on the object becomes greater than the static friction force
and the object begins to move, the moving object will experience a kinetic friction force
in the opposite direction than it is moving7. The coefficient of static friction and kinetic
friction are interchangeable depending on if the object is not moving or if it is. However,
because the sleeve attachment and pint glass should not be moving at all, the
coefficient of static friction is used in the analysis of this experiment.

5

Magnetic fields are visualized as field lines similar to those of the electric field. Magnetic
field lines always form a closed loop and always flow from the north pole of a magnet to
the south pole. In the case of the sleeve attachment and pint glass, the magnetic field
lines will flow from the north pole of the magnet placed into the serving tray, and they
will flow into the south pole of the metal in the sleeve attachment. This can be seen in
Figure 2.2 below. The metal placed onto the sleeve attachment will need to be able to
attract magnets as well as withstand high temperatures. Ferromagnetic materials must
be used, such as steel.

Figure 2.2. Magnetic field lines to sleeve attachment.

2.2 Theory of Experiment:
The experiment involves a pint glass placed on a sled on a wood or plastic material. A
pulley is then attached to the sled, and weights will be gently placed on the pulley until
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movement of the pint glass is observed. This process will be repeated with multiple
weights placed onto the pint glass in order to obtain data of the tension and
gravitational forces acting on the pint glass, and eventually to be graphed linearly using
Equation 14 below.
The experiment is intended to test the function of the product design of the sleeve
attachment and tray material. A pulley is then attached to the sled, and weights will be
gently placed on the pulley until movement of the pint glass is observed. This process
will be repeated with multiple weights placed onto the pint glass in order to obtain data
of the tension and gravitational forces acting on the pint glass. Using similar expressions
to equations 1-6 above, the experimental data can then be analyzed to yield the values
of 𝜇𝑠 and 𝐹𝐵 . The theory behind the experiment is the topic of this section, while Section
3 will go into more detail for the experimental setup, procedure, and uncertainty.
Section 3 will go into more detail for the experimental setup, procedure, and
uncertainty.
In the experimental setup, the forces acting on the sleeve attachment and pint glass are
now the gravitational force, magnetic force, normal force, friction force, and the tension
of the pulley. The free body diagram for this is shown in Figure 2.3. The amount of
tension needed to move the sled with a variety of masses placed in the glass is now
known, and this data can be graphed to help find the magnetic force of the magnet.
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FN
Ff
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Figure 2.3. Experiment free body diagram. Ff is the friction force, FN is the normal force,
Fg is the gravitational force, FB is the magnetic force, and FT is the tension force of the
pulley.

∑ 𝐹 = 𝑚𝑎 = 0

(7)

Equation 7 is the summation of forces of a system in equilibrium. The gravitational force
will be seen in the vertical direction of the force.
𝐹𝑔 = 𝑚𝑔

(8)

Equation 8 is the gravitational force, where the mass is equal to the pint glass and sleeve
attachment and the acceleration of gravity is 9.82 m/s 2.
∑ 𝐹𝑦 = 𝐹𝑁 − (𝐹𝐵 + 𝐹𝑔 ) = 0

(9)

Equation 9 shows the forces in the y direction on the pint glass and sleeve attachment.
The normal force can be seen as:
𝐹𝑁 = 𝐹𝐵 + 𝐹𝑔
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(10)

Equation 10 is the relationship between the normal force, and the magnetic and
gravitational force.
∑ 𝐹𝑥 = 𝐹𝑇 − 𝐹𝑓 = 0

(11)

Equation 11 shows the forces in the x direction on the pint glass and sleeve attachment.
This is different than Equation 4 because the experiment uses a pulley to measure the
tension it takes to move the pint glass on the tray.
𝐹⃗𝑇 = 𝐹⃗𝑓

(12)

Because the system is in equilibrium while the data is taken during the experiment, the
tension force is equal to the friction force as shown by Equation 12.
𝐹⃗𝑓 ≤ 𝐹⃗𝑁 𝜇𝑠

(13)

Equation 13 shows the relationship between the friction force and the normal force
exactly like Equation 5 above. Where the tension and maximum friction force are only
equal at the tiny instant right before the item starts to slip.
𝐹⃗𝑇 = (𝐹⃗𝐵 + 𝐹⃗𝑔 )𝜇𝑠

(14)

As seen in Equation 14, graphing tension versus the gravitational force will give a linear
slope as the static friction coefficient, and the y-intercept of the linear line will be the
magnetic force times the static friction coefficient. So, then the magnetic force of the
magnet in this experiment could be found by dividing the y-intercept by the slope. This
allows for the values of the magnetic force and static friction coefficient of the material
and sleeve attachment to be found. Equation 14 combines Equations 10, 12, and 13 to
mathematically determine the magnetic force’s influence on the friction of the sleeve

9

attachment and pint glass. When the tension and gravitational forces are graphed, the
values of the static friction coefficient and magnetic force can be found.

III. Experimental Methods
The product design of the magnetic tray and sleeve attachment required the
examination of the effects of the magnetic force on the sleeve attachment. The initial
problem that inspired the product design was that pint glasses are not consistently
secured on a serving tray in the restaurant industry. The forces acting on the pint glass
on the tray can be broken down into the vertical and horizontal components. This
experiment will allow for the mathematical relationships of the force components in
equilibrium to be applied to give the values of the magnetic force and static friction
coefficient of the material and the sleeve attachment. The goal of the experimental set
up and process is to examine the influence of a magnet on the normal force of an
object.

3.1 Setup
As can be seen in Figure 3.1 and 3.2, a metallic sled with a mass of 0.031 kilograms was
placed on top of the testing material. A standard pint glass with a mass of 0.386
kilograms was then placed onto the sleeve attachment. A magnet with a magnetic
strength of 190 Gauss was then placed underneath the testing material where it would
be attracted to the apparatus. The magnetic field of the magnet was measured
approximately 2 inches away from the magnet. The original product design called for a
10

magnetic field strength similar to that of a refrigerator magnet, so that is why this
magnet was used. The testing material was placed on two blocks in order to allow
access to the magnet placed underneath. A string was attached to the sleeve
attachment, which was fed horizontally to a pulley that was clamped down on a wooden
plank in order to sustain a constant height of the string between the sled and the pulley.
The plank was secured onto the table by a C-clamp. The testing material was secured to
the plank by a C-clamp. The magnet under the testing material was used to add normal
force to the attachment and glass through magnetic attraction. The first set of
experiments were done on a plastic material. The same process was repeated on a
material made of wood. These surface materials were used in the experiments because
serving trays in restaurants can be made out of either material. The masses that were
used in this experiment that were placed in the pint glass and hung from the string
attached to the pulley were made of brass. This setup allows for the experiment to be
repeated easily and consistently. The setup for the wood and plastic material can be
seen in Figure 3.1 and Figure 3.2.
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Glass

Sled
Pulley
Wood

Figure 3.1. Set up with wood material.
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Glass
Plastic

Sled

Figure 3.2. Set up with plastic material.
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Pulley

3.2 Experimental Procedure
The pint glass was attached to the sleeve attachment. They were then placed on top of
the testing material. The magnet field strength of the magnet was measured by a Hall
probe, and then the magnet was placed underneath the testing material. Once the
string from the sleeve attachment had been run through the pulley, masses were
carefully added to the string hanging from the pulley. This was done until the masses on
the pulley overcame the static friction of the pint glass and sleeve attachment. Once
movement of the sled was observed, the amount of mass was noted down and
multiplied by the gravitational constant of 9.8 m/s2 in order to determine the amount of
tension force needed to overcome the static friction force was discussed in Section 2.
The experimental process can be visually seen in Figure 3.3. The experiment was
repeated with different masses placed onto the pint glass and sleeve attachment. The
masses were placed into the pint glass at increments of 100 grams per test. The range of
masses and the increments between them were used to give a spread of data that
mimicked the mass of a pint glass with liquid in it.

Figure 3.3. Experimental process flow chart.
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3.3 Uncertainty
A possible point of error for these experiments is that, despite the fact that the same
magnet is used, the magnet could be attracted to the sled in a different position for
each experiment. To simplify this claim, the magnet might have been in the positions of
right of the sled, left of the sled, front of the sled, back of the sled, or anything in
between. This would cause fluctuations in the effects from the strength the magnetic
field would have on the glass pint sleeve attachment. These inaccuracies were seen
throughout the experimental process, as when the magnet was not centered on the
sled, it took less force from the pulley system to move the sled. To account for this, the
placement of the magnet was monitored before each experiment and replaced in the
center of the sleeve attachment.

Another possibility for uncertainty in this experiment could be in the value of the
masses from weighing them on the scale. The masses, pint glass, and sleeve attachment
were all measured on a triple beam scale; therefore, the values of the weights used in
this experiment has an uncertainty of ± 5 grams. Another possible source for uncertainty
is that the smallest increments that were used to measure the tension force on the
pulley were 10 grams. This could cause some error in the calculations for the tension
force. Because of this, the masses placed on the pulley have an uncertainty of ± 10
grams that is necessary to overcome the static friction, and that would result in the
uncertainty for the tension force to be ± 0.01 Newtons.

15

This experimental process was essential in order to understand the influence of a
magnet on the friction force; however, it is also helpful to determine the best design of
the product, such as the strength of the magnet and the material for the tray. The
analysis of the results of the experiment discussed in Section 4 will look at both of these
subjects.

IV. Results and Analysis
This experiment was designed to observe the influence of a magnet on the normal force
of an object. The results of this experiment will give a numerical value for the static
friction coefficient of the material and magnetic force. The results will also allow the
product design of sleeve attachment and magnetic tray to be adjusted as needed. This
will mainly focus on the strength of the magnet. This is because if the magnet is too
strong, the sleeve attachment will not be able to be pulled away from the tray, and if it
is too weak, the magnet will not keep the sleeve attachment and pint glass on the
serving tray.

Based on the equations derived in the theory section, the influence of a magnet on an
object’s normal force can be observed. Figures 4.1 and 4.2 summarize the results of the
static friction measurements. In these figures, the gravitational force of the total weight
is placed on the x-axis. This increased gradually by 100 kilograms as weights were placed
onto the glass throughout the experiment. Six trials were conducted for both the plastic
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and wood material of the tray. For each measurement, six data points were collected.
The average values are shown in data points in Figure 4.1 and Figure 4.2, while the
range of measurement results is indicated by error bars.

The minimum amount of tension applied to overcome the maximum static friction force
was placed on the y-axis for each increment of gravitational force. In both figures there
is a clear linear line that shows the relationship between the gravitational force of the
pint glass, sled attachment, and sled and the tension applied to move the sled. Equation
14 gives the equation for the best fit line in the graphs. The best fit line’s slope yields the
static friction coefficient, while the slope and the y-intercept can be used to calculate
the magnetic contribution to the normal force. The fact that the data from this
experiment lies on a linear line confirms that the theoretical model derived in the theory
section is correct. The linear data also verifies that the experimental results are
plausible.
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Figure 4.1. Relationship between tension and gravitational force that shows the
static friction coefficient of the plastic tray and the magnetic force of the
magnet.
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Figure 4.2. Relationship between tension and gravitational force that shows the
static friction coefficient of the wood tray and the magnetic force of the
magnet.

The slope of the graph produces the value for the static friction coefficient of the
material. The plastic material was used to collect the data seen in Figure 4.1, and the
slope of Figure 4.1 reveals that the static friction coefficient of the plastic material was
0.125. The wood material was used to collect the data seen in Figure 4.2, where the
slope is 0.437. Intuitively, it makes sense that the static friction coefficient of the wood
material is greater than the static friction coefficient of the plastic material because the
plastic material is much smoother.
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9

The magnet used in this experiment had a magnetic field of 190 Gauss and was
measured two inches away from the magnet. The y-intercept of Equation 14 is the
magnetic force times the static friction coefficient of the material. So, the magnetic
force of the magnet is found by dividing the y-intercept of the line by the slope. The
magnetic force found from Figure 4.1 is 10.7 ±0.01 Newtons, and the magnetic force
from Figure 4.2 is 5.18 ±0.01 Newtons. The static friction coefficient is unitless, so the
division of the y-intercept by the static friction coefficient will give the magnetic force
the correct units of Newtons. It also makes sense that the value for the magnetic force is
different for the separate materials. Magnetic force is dependent on the distance, and
the wood material was thicker than the plastic material. So, it is understandable that the
magnetic force of the magnet through the wood material is less than the magnetic force
of the magnet through the plastic material.

Material
Plastic
Wood

Static Friction Coefficient (µ)
0.125
0.437

Magnetic Force (N)
10.7 ±0.01
5.18 ±0.01

Figure 4.3. Table of the experiment’s results.

The magnetic force of a magnet is affected by distance from the point of measurement.
This is significant because the thickness of the serving tray will need to be taken into
consideration for the design of the sleeve attachment with the pint glass. While the
plastic material may have a smaller static friction coefficient than the wood material,
the magnetic force through the plastic is greater. However, on average it took a greater
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tension force to move the sleeve attachment, glass, and additional weights with the
pulley. Because of this, a serving tray made out of wood material would be more
efficient for this product design.

It was estimated that in the daily life of the restaurant service industry, the maximum
necessary acceleration of a server would be 6 m/s2. This would be the maximum
acceleration of a server carrying a serving tray with glasses around the restaurant. This
estimate was determined because the average velocity of a person walking is 2 m/s 8,
and the average restaurant server changes directions, accelerates, and decelerates with
a faster pace around the restaurant than the average worker. Because friction would be
the only component in the x direction, the friction force is equal to mass times
acceleration as seen below in Equation 15, and the Equation 16 is the equation for
friction:
∑ 𝐹⃗𝑥 = 𝐹⃗𝑓 = 𝑚𝑎

(15)

𝐹⃗𝑓 ≤ 𝐹⃗𝑁 𝜇𝑠

(16)

𝐹⃗𝑁 = 𝐹⃗𝐵 + 𝐹⃗𝐺

(17)

The combination of Equation 15, 16, and 17 can be used to examine the magnetic force
required to keep the pint glass and sleeve attachment on the serving tray.
𝑚𝑎⃗ ≤ (𝐹⃗𝐵 + 𝐹⃗𝐺 )𝜇𝑠

(18)

Since an empty glass is most likely to slide on a serving tray, the mass of the empty pint
glass and sleeve attachment of 0.417 kilograms is used in Equation 18. The static friction
coefficient was found from the experiment to be 0.125 for the plastic material and

21

0.437 for the wood material. With the assumptions for the maximum acceleration and
mass, the friction force must be greater than 2.5 ± 0.1 Newtons in order to keep the
empty pint glass and sleeve attachment secured on the tray. If there is no magnet and
no magnetic force applied to the glass, then the friction force of the empty glass on the
would be less than the force of the server’s movements. This would result in the glass
pint and sleeve attachment to slide on the tray. The friction force with no magnet would
be 0.51 ± 0.1 Newtons for the plastic material and 0.18 ±0.1 Newtons for the wood
material. The minimum magnetic force required to secure the empty pint glass and
sleeve attachment to the tray can be found using Equation 19.
𝑚𝑎⃗⃗
𝐹⃗𝐵 ≥
− 𝐹⃗𝐺
𝜇𝑠

(19)

For the plastic material, the minimum magnetic force needed to keep the empty glass
on the tray is 15.9 ±0.1 Newtons. For the wood material, the minimum magnetic force
needed to keep the empty glass on the tray is 1.64 ±0.1 Newtons. Equation 19
demonstrates that the magnetic force of the magnet must be greater than or equal to
15.9 ±0.1 Newtons and 1.64 ±0.1 Newtons for the plastic and wood material
respectively. Any magnetic force that is less than these two values for their respective
materials will result in the empty glass pints sliding at the maximum necessary
acceleration of the server moving throughout the restaurant.

This process can be repeated with a pint glass that is filled with 16 ounces of liquid. If
the maximum necessary acceleration is again assumed to be 6 m/s2 and the new mass
of the pint glass would be 0.871 kilograms, the minimum magnetic force required to
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keep the full pint glass from sliding can be found. With the assumptions for the
maximum acceleration and mass, the friction force must be greater than 5.2 ± 0.1
Newtons in order to keep the empty pint glass and sleeve attachment secured on the
trayFor the plastic material, the minimum magnetic force needed to keep the full glass
on the tray is 33.3 ±0.01 Newtons. For the wood material, the minimum magnetic force
to keep the full glass on the tray is 3.42 ±0.01 Newtons. The addition of the 16 ounces of
liquid in the glass requires a 48% increase of required magnetic force to keep the glass
secured on both the plastic and wood serving trays.

Static Friction

Experimental

Calculated

Calculated

Coefficient

Magnetic

Minimum Magnetic

Minimum

Force (N)

Force Empty Pint

Magnetic Force

Glass (N)

Full Pint Glass (N)

Plastic Material

0.125

10.7 ±0.01

15.9 ±0.1

33.3 ± 0.1

Wood Material

0.437

5.18 ±0.01

1.64 ±0.1

3.42 ± 0.1

Figure 4.4. Table of experimental and calculated results.

The results from the experiment above yielded a magnetic force of 10.7 ±0.01 Newtons
for the plastic material and 5.18 ±0.01 Newtons for the wood material at an acceleration
of almost zero. The minimum necessary magnetic forces found from Equation 19 show
that the experimentally determined magnetic force of the magnet was too low for the
plastic material. However, the experimental magnetic force for the wood material
23

creates a friction force that is greater for both the minimum magnetic forces for the full
and empty pint glass. This proves that the wood material, which has a higher static
friction coefficient, would be the better material to use as a serving tray in order to keep
the pint glass and sleeve attachment secured on the tray. It would also be desirable that
a stronger magnet, such as rare earth magnets, would be used in the serving tray.

With these results, the final conceptual design of the prototype of the sleeve
attachment can be seen in Figure 4.5. This CAD drawing was created through the
engineer drawing program called SolidWorks. The CAD drawing was then able to be
converted into an .SL file to be 3D printed by a LulzBot Mini 3D Printer. The final result
of the prototype of the sleeve attachment secured to a pint glass can be seen in Figure
4.6.

6.88 in

Height:
0.75 in

2.38 in
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Figure 4.5. CAD assembly of pint glass and sleeve attachment.

Figure 4.6. The sleeve attachment secured onto a standard pint glass.

V. Conclusion
The main results of this experiment were that normal force was influenced by the
magnet placed underneath the pint glass and sled attachment. The experiment yielded
the plastic material to have a static friction coefficient of 0.125 and a magnetic force of
10.7 ±0.01 Newtons. For the wood material, it was found to have a static friction
coefficient of 0.437 and a magnetic force of 5.18 ±0.01 Newtons. With the assumption
that the maximum necessary acceleration of a server in a restaurant is 6 m/s 2, the
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minimum magnetic force to keep the pint glass and sleeve attachment on the serving
tray can be calculated and compared to the magnetic force found from the experiment.
The minimum magnetic force required to keep an empty pint glass from sliding on the
tray was 15.9 ±0.01 Newtons for the plastic material and 1.64 ±0.01 Newtons for the
wood material. The minimum magnet force required to keep a full 16-ounce pint glass
from sliding on the tray was 33.3 ±0.01 Newtons for the plastic material and 3.42 ±0.01
Newtons for the wood material.

The results from this experiment give an idea for the magnet’s strength in the serving
tray. The magnet must be strong enough to keep the pint glass and sleeve attachment
from sliding on the tray, but it cannot be too strong where the sleeve attachment and
pint glass cannot be removed from the tray. However, it was also determined that the
thickness of the material can influence the magnetic force applied to the pint glass.
These results indicate that for the product design, the thicker wood material would
secure the pint glass from sliding on the tray with less magnetic force than the thinner
plastic material. While the magnetic force applied to the pint glass and sleeve
attachment may be smaller due to the thickness of the wood material, the greater static
friction coefficient results in a friction force that is greater than the necessary maximum
force of the server’s movements throughout the restaurant.

The product design of the pint glass sleeve attachment and magnetic trays still has much
left to be adjusted. This experiment shows that the thickness of the tray will determine
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the magnetic force of the magnet on the sleeve attachment. This could be looked at
more in depth, and another experimental process to determine the desirable thickness
of the tray for the design could be performed. Another next step for this product design
would be to create a prototype of the magnetic tray. The combination of this prototype
and the prototype already created for the sleeve attachment would give a better idea of
the design’s operation as well as visually entice investors and consumers to purchase
this product in the long term.
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